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ALLING because of balance and mobility problems is an important health problem among elderly persons (1) (2) (3) (4) (5) (6) ). An individual's balance control involves perception of one's center of pressure using sensory afferent systems. Individuals also must have the capacity to make appropriate motor adjustments via efferent pathways. One of the simplest and most widely studied quantitative methods of testing balance involves the measurement of spontaneous postural sway during static standing (7) . Postural sway measures spontaneous movements of the center of pressure produced in a horizontal plane (called the center of pressure) under the feet during quiet standing (8) . Postural sway increases (representing poor balance) in elderly persons and individuals with a history of falls (4, 9) .
Many methods to evaluate mobility among elderly persons exist (10) (11) (12) (13) (14) . Because balance and mobility are associated abilities, many clinical instruments measure both (10, 12, 14) . The Tinetti Index (TI) of Gait and Balance (12) is one of the most widely known of these clinical instruments. It has shown predictive ability for falling (3) and identifies more mobility problems than a standard neuromuscular examination (15) . The individual completing the TI, however, performs few tasks that are typical of daily activities.
Because most falls occur during the performance of daily activities, evaluation of balance and mobility impairment should occur during activities where the person is functioning in a typical way. We previously described a functional obstacle course (FOC) for just such a purpose (16) (17) . The FOC is an inexpensive, portable, easy-to-use method of detecting specific clinical information about the balance and mobility of older adults. For example, the clinician can use the FOC to determine the implications of an osteoarthritis patient's condition on his/her-ability to climb steps versus using ramps. Unlike many other assessment methods, the FOC emphasizes function.
This study sought to establish concurrent validity of the FOC by comparing performance on the FOC with performance on the TI and postural sway measures. Also, we identified the extent that postural sway and TI performances concurrently predicted FOC time and quality performances.
METHODS
Study participants.-We recruited participants from a network of central Arkansas senior citizens community centers and housing developments representing a crosssection of racial and socioeconomic backgrounds. A physician or nurse practitioner obtained demographic and mobility status data during a structured interview. We obtained informed consent from all participants.
Inclusion criteria were: age 65 years or older; able to walk at least 30 feet with or without an assistive device and without physical assistance from'others; able to comprehend instructions and give consent; not residing in a nursing home; and no acute medical problems apparent to the (16) for testing in the community by placing four obstacles-artificial turf, carpet, pine bark, and sand-next to a wall instead of between parallel bars. Thirty-six randomly selected volunteers pretested both versions of the FOC. We found no significant differences in time or quality of performance between the two versions (unpublished data).
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We videotaped all FOC performances. A trained rater was masked to participants' clinical history or performance on other tests. The rater scored the videotaped FOC for quality and obtained FOC time scores from the recorder display using procedures previously described (16) . Quality scores ranged from unable to complete the task without assistance (0) to no observed difficulty or unsteadiness (3). We modified the quality scoring system of several obstacles to accommodate fractional scores within the same (0-3) scale and to adjust for the absence of parallel bars. We summed the 12 quality scores to obtain overall quality (range = 0-36). Higher scores indicated greater steadiness. We have reported interrater agreement and test-retest reliability for the FOC (17).
Tinetti Index scoring and procedure.-The TI included 14 balance subscale items (sitting balance, rising from a chair, sitting down, standing up, steadiness immediately after rising, standing with eyes open, standing with eyes closed, in response to a nudge to the chest, turning and extending the neck, extending the trunk backwards, turning in a circle, alternately standing on one leg for 5 seconds, bending down and reaching up) and 10 gait subscale items (initiation of gait; step length, height, width, symmetry, and continuity; deviation of path; trunk sway; ability to turn around; and ability to pick up speed). Higher balance and gait scores indicate better performance. We summed the two scores for an overall TI score. This version of the TI corresponds to Tinetti's modifications of her 1986 version, and other investigators have used it (18, 19) . The eyes open and eyes closed conditions represent spontaneous sway, whereas sway with visual feedback required active movement. During the visual feedback condition, the participant tried to keep the cursor in a small box in the center of the screen for 20 seconds.
We calculated the area of sway and expressed it as a percentage of the participant's theoretical limits of stability (LOS). The LOS constitutes the area in which the center of pressure can move safely without a change in the support base (20) . A large amount of sway (poor balance) resulted in a large percentage of the LOS. Very little sway (good balance) yielded a small percentage of the LOS.
Data analysis.-The statistician calculated bivariate correlation coefficients between the FOC (time and quality) measures, the TI (balance and TI gait subscale scores and the total score), and the three measures of sway area (eyes; open, eyes closed, and eyes open with visual feedback). To correct for inflated Type I error, she set significance for each coefficient at .004.
The statistician did two multiple regression analyses to address the relationship between FOC performance, and the TI and sway. In the first equation, FOC time was predicted simultaneously from TI balance, TI gait, sway with eyes opened, sway with eyes closed, and sway with feedback. The second equation was the same as the first, but the outcome was FOC quality. Table 1 provides descriptive information about the 352 participants from 14 community sites enrolled in the study. The participants' mean age was 78 years. They were predominantly female (85%) and mostly White (61%). Table 1 also contains statistics for the FOC, TI, and sway scores. Participants averaged 5.3 minutes to complete the FOC, ranging from 2.68 to 23.6 minutes. They earned 85.5% of the maximum quality points on the FOC that ranged from 8.5 to 36. Their mean total TI was 87% of the maximum, with scores ranging from 11 to 40. Participants experienced the least sway with eyes open. Mean sway with visual feedback was comparable to sway with eyes closed. Table 2 provides the bivariate correlations between the FOC, the TI, and sway. The FOC quality scores correlated significantly with TI scores, indicating that better TI performance scores accompanied better FOC quality performance scores. Lower (fast) FOC time scores correlated significantly with better TI scores. FOC quality and time scores correlated significantly with spontaneous (eyes open and closed) sway. No significant correlations emerged between FOC scores and sway with visual feedback. All correlations and p values are reported in Table 2 . Table 3 shows correlation coefficients and associated p values between TI performance and sway measurements. The TI has the same correlation pattern with postural sway measures as the FOC has with these measures. The TI 
RESULTS

DISCUSSION
The findings of this study are limited to communitybased elderly persons who have normal levels of balance and mobility on the FOC and TI, both of which were developed for use with elderly, impaired populations. About one third were individuals who had fallen in the previous year; one fifth needed an assistive device to ambulate, and less than a quarter were able to walk more than one-half block without a rest.
In this population we found that the FOC and TI results *n > 338 due to missing data. *n > 337 due to missing data. .69
were highly correlated. Both measure different characteristics of balance from those measured by postural sway. While the FOC was designed for the rehabilitative setting, the procedure can be set up relatively easily in other locations. The equipment is available from any typical rehabilitation program. Once set up, the clinician can use the FOC to assess the individual completing tasks consistent with daily living. The TI might be recommended for the setting where there are severe space restrictions. Because of the expense and technological requirements, we would not recommend using postural sway alone for assessing either balance or mobility.
Correlation between the functional obstacle course and the Tinetti Index.-We expected to find a correlation between the FOC and TI because both include tasks dependent on the integrity of an individual's balance and mobility. Two main factors may explain the substantial correlation found. First, 10 of the 12 FOC obstacles measure balance and mobility during dynamic (nonstationary) activities as do all of the TI gait tasks and one of the TFs 14 balance tasks. Second, even though the FOC does not measure specific gait characteristics as the TI does, the FOC does involve a significant amount of walking.
The lack of an even higher correlation between the FOC and TI probably results from differences between the two in tasks and maneuvers. The FOC emphasizes common functional tasks and simulates environmental conditions, a feature that is unique to the FOC. Some of the TI maneuvers, such as standing on one leg, are rarely performed by elderly persons on a daily basis, and it may be awkward for someone to even attempt the task. This is a limitation of the TI not encountered with the FOC.
While the TI requires less equipment, a clinician may prefer the FOC in some instances. Several FOC stations measure the adequacy of one's sensory and motor interaction while walking over different environmental conditions such as flooring texture, stairs, and inclines. Also, as noted earlier, the FOC simulates activities elderly persons are likely to encounter in daily living. The observations from the FOC might be of interest to the clinician making recommendations for the elderly person. The clinician obtains this information while acquiring data about balance and mobility commensurate with the TI. Once the FOC is set up with equipment available in any physical therapy department, the time to complete the FOC compares to the time necessary for the TI.
Correlation between the functional obstacle course and postural sway.-We found very weak correlations between the FOC and postural sway measurements with eyes open or closed. The correlation between the FOC and sway with visual feedback failed to reach significance. These findings result from differences between these two types of balance measurement methods. Participants spend little time during the FOC in stationary positions. In contrast, they quietly stand during most of the sway measures. The FOC and sway measure different aspects (dynamic vs static) of physiologic balance control.
Our findings do not support the assumption that dynamic balance (FOC) would have a closer association with active sway than with spontaneous sway. The presence of a significant though weak correlation between the FOC and spontaneous sway, but not active sway, suggests at least a small difference between mechanisms involved during quiet standing (spontaneous sway), and during attempts to control posture with visual feedback (active sway). The absence of a substantial association between the FOC and any sway measure suggests that mechanisms involved in either spontaneous or active sway have little relationship with mechanisms that control dynamic balance.
Our finding of a limited association between dynamic balance performance as measured by the FOC and sway supported some studies but not others. Hughes et al. (21) , in a study of 100 community-dwelling elderly persons with moderate physical impairment, correlated performance on the Duke Functional Mobility Skills battery, a 13-item test of dynamic functional mobility activities, with postural sway measures. The mobility skills test showed no significant correlation with five sway measurements and a weak correlation (r = -.25; p = .01) with sway with eyes open. Hughes and colleagues concluded that sway was useless in discriminating differences in functional performance in this population.
In contrast, Berg et al. (19) reported that performance on a 14-item balance scale that included static and dynamic functional tasks was correlated (r = -.48 to -.67, p < .01) moderately and consistently with measurements of spontaneous sway amplitude and speed in the medial-lateral and anteriorposterior planes. Our findings were not consistent with these, perhaps because we studied different aspects of sway and they studied a subpopulation of elderly persons in acute and residential care settings compared to our community-based residents.
Comparison of the Tinetti Index with postural sway.-Given the relative similarity and strong association between the FOC and TI, we expected similar correlation between the FOC and sway and the TI and sway. The absence of significant correlation between the TI scores and postural sway with feedback agreed with our correlation data comparing the FOC and sway with feedback. We assumed that the lack of correlation relates to a difference between the dynamic sway in both the FOC and TI and active postural sway.
We found only two studies that compared performance on the TI with postural sway. Berg et al. (19) collected TI and sway data, but did not report that correlation. Baloh et al. (22) , in a sample of 82 community-dwelling elderly (age > 75) persons, found no significant correlation between total TI score and the velocity of sway. Unlike our researchers, Baloh and colleagues measured sway with different equipment and used sway velocity as their main sway measurement.
Lichtenstein et al. (23) compared TI scores and postural sway (velocity, radial, and X-Y area; eyes open and closed) on a force platform. In this study of 50 communitydwelling women, the TI balance subscale, gait subscale, and overall score were consistently correlated with both radial and X-Y area eyes open or closed (r = -.34 to -.64, p = .05 to .001), and less consistently correlated with sway velocity.
Regression analysis of predictors of functional obstacle course scores.-A secondary purpose of the study was to identify the extent that TI performance and postural sway predicted FOC time and quality performance. Results of the regression analyses generally agreed with the findings of the correlation analysis. The TI balance and gait subscores accounted for a significant amount of the variance found in the FOC time and quality scores. Postural sway measures generally did not explain FOC scores, with one exception. Spontaneous sway with eyes open did account for a statistically significant but small amount of variance in FOC quality, but not time scores. This finding suggests that some aspect of spontaneous sway with eyes open contributes to the quality of dynamic balance and mobility.
